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(54) Coating method 

(57) A method for forming coatings, comprising applying a base coating containing a coloring pigment 
and/or a metallic pigment to produce a base coat, applying a topcoating containing a hydroxyl group- 
containing resin and a polyisocyanate compound over the base coat, and curing the coats at a temperature 
range between room temperature to about 140'C in which the base coating contains the following as a 
vehicle component; 

(a) a resin having hydroxyl group and carboxyl group in the molecule, 

(b) a combination of the resin having hydroxyl group in the molecule and a catalyst for promoting the 
reaction between the hydroxyl group of the resin and the isocyanate group of the polyisocyanate 
compound in the topcoating or 

(c) a combination of the resin having hydroxyl group and carboxyl group in the molecule and a catalyst for 
promoting the reaction between the hydroxyl group of the resin and the isocyanate group of the 
polyisocyanate compound in the topcoating. 
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SPECIFICATION 
Coating method 

5 This invention relates to a method for forming coatings and more particularly to a novel method 5 
for forming two coatings to be cured at one time at a temperature of between ambient 
temperature ancj about 140°C. 

In recent years, plastics such as polypropylene, ABS resins, urethane resins and nylons are 
increasingly replacing metals to produce outer bodies or components of automotive vehicles, 

10 bicycles, household electric appliances and the like. Such outer plastics bodies are generally 10 
covered with coating to give an improved appearance. Known coating methods vary according 
to a particular use of the plastics bodies and include a one-coating-one-baking method in which 
a solid color coating composition containing a coloring pigment or a metallic coating composition 
containing a metallic pigment is applied and baked for finish and a two-coatings-one-baking 

15 method in which the foregoing composition is applied to a substrate to give a base coat and a 15 
clear coating composition is applied over the base coat to produce a topcoat and the coatings 
are baked at one time. Of these methods, the two-coatings-one-baking method is widely used 
because it gives a finish coat outstanding in surface smoothness, distinctness-of-image gloss, 
weathering resistance and the like. However, since plastics bodies tend to deform or to change 

20 their properties unlike metallic bodies when heated at high temperatures, the two-coatings-one- 20 
baking method can not use coating compositions to be cured at high temperatures, and thus 
inevitably involves the use of those curable at a temperature range of between room temperature 
and about 140°C. 

_ Examples of conventional coating compositions useful for forming a base coat over a plastics 

25 substrate by the two-coatings-one-baking method include solid color coating compositions and 25 
metallic coating compositions comprising a resin having in the molecule no functional group such 
as hydroxyl group as a vehicle component and a coloring pigment and/or a metallic pigment. 
Such resins are, for example, chlorinated polypropylene resins, graft copolymers of said resin 
with acryiates or methacrylates, polymers of acrylates or methacrylates, and nitrocellulose, 

30 Chiefly used for forming a topcoat are clear coating compositions such as those containing a 30 
hydroxyl group-containing resin and a polyisocyanate compound as vehicle components. These 
conventional coating compositions all give coats curable at a temperature range of between 
ambient temperature and 140°C. 
Although higher in surface smoothness, distinctness-of-image gloss, weathering resistance and 

35 the like, the coats formed from the aforesaid coating compositions by the two-coatings-one- 35 
baking method are lower in water resistance and adherence between the base coat and topcoat 
thus produced and have the drawback of being likely to cause the internal break of coloring or 
metallic coat due to uneven cohesion (i.e. cohesive failure). These drawbacks are significantly 
serious problems in view of the use of these coating compositions for giving an improved 

40 appearance to the plastics products. Accordingly earliest solution of the problems is desired. 40 
It is the main object of this invention to provide a new two-coatings-one-baking method for 
forming coats which is capable of giving coatings significantly improved in water resistance, 
adherence between the base coat and topcoat and resistance to cohesive failure and free from 
the reduction in surface smoothness, distinctness-of-image gloss and weathering resistance. 

45 This and other objects of the present invention will become more apparent from the following 45 
description. 

In a method for forming coats comprising the step of applying to a substrate a base coating 
composition (hereinafter referred to as "base coating") containing a coloring pigment and/or a 
metallic pigment, applying a topcoating composition (hereinafter called "topcoating") containing a 
50 hydroxyl group-containing resin and a polyisocyanate compound over the base coat, and curing 50 
the coats at a temperature range of between ambient temperature and about 140°C, the method 
of the invention is characterized in that the base coating contains as a vehicle component: 

(a) a resin having hydroxyl group and carboxyl group in the molecule, 

(b) a combination of a resin having hydroxyl group in the molecule and a catalyst for 

55 promoting the reaction between the hydroxyl group of the resin and the isocyanate group of the 55 
polyisocyanate compound in the the topcoat, or (c) a combination of a resin having hydroxyl 
group and carboxyl group in th molecul and a catalyst for promoting the reaction between the 
hydroxyl group of th resin and the isocyanate group of th polyisocyanat compound in th 
topcoat. 

60 Our r search reveal d that when the two-coatings-one-baking method is carried out by apply- 60 
ing a bas coating containing a resin having hydroxyl group or both hydroxyl group and carboxyl 
group in the molecule and if required, a catalyst as vehicle components, coats formed are 
remarkably improved in water resistanc , adher nee between the base coat and topcoat and 
resistance to cohesive failur in which the two-coatings -one-baking m thod is defective, while 

65 remaining outstanding, far from reduction, in surface smoothness, distinctness-of-image gloss 65 
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and- weathering resistance in which the method excels. The foregoing remarkable result can be 
afforded presumably due to the following phenomena. When a topcoating is applied to th base 
coat and cur d at ambient temp nature to about 140°C, there occurs not only in th topcoat but 
also in the base coat a cross-linking r action between the hydroxyl group-containing resin and 
5 the polyisocyanate compound in the topcoat to produce three-dimensionally cured coating. 5 
Namely the polyisocyanate compound in the topcoat while partly reacting with the hydroxyl 
group of the resin in the topcoat, partly penetrates into the base coat to react with the hydroxyl 
group of the resin in the base coat for cross-linking at the interface between the base coat and 
the topcoat and in the base coat. According to this invention, the resin is three-dimensionally 

10 cured by cross-linking at the base coat-topcoat interface and even in the base coat as well as in 10 
the topcoat, thereby resulting in a finish coat markedly improved in water resistance and in the 
adherence between the base coat and topcoat and free from cohesive failure. What is important 
to achieve these remarkabJe results is that the reaction be critically promoted between the 
hydroxyl group of the resin in the base coat and the isocyanate group of the polyisocyanate 

15 compound in the topcoat. For this purpose, the resins used in the base coating are those 15 
containing hydroxyl group or hydroxyl and carboxyl groups in the molecule, and the hydroxyl 
group-containing resin is necessarily used in combination with a catalyst for accelerating the 
reaction of the hydroxyl group with the polyisocyanate compound while the hydroxyl- and 
carboxyl-containing resin can be employed alone or in combination with the above catalyst, if 

20 desired, since the carboxyl group in the resin molecule serves to accelerate the foregoing 20 
reaction. 

The base coating of this invention which is applied prior to the application of topcoating 
comprises water or an organic solvent as a dispersing medium, a coloring pigment and/or 
metallic pigment and the following vehicle components. 
25 {a) a resin containing hydroxy! group and carboxyl group in the molecule, 25 

(b) a resin containing hydroxyl group in the molecule and a catalyst, or 

(c) the resin mentioned in (a) and a catalyst. 

Examples of resins having the basic structure of those mentioned above in (a) to (c) are acrylic 
resins; polyester resins; modified acrylic resins such as chlorinated polyolefin-modified acrylic 

30 resins, polycaprolactone-modified acrylic resins and urethane-modified acrylic resins; modified 30 
polyester resins such as polycaprolactone-modified polyester resins, urethane-modified polyester 
resins, urethane-modified polyester resins, etc. According to this invention, use is made of these 
resins having hydroxyl in the molecule and when required, carboxyl introduced therein. 
The hydroxyl group-containing or hydroxyl group- and carboxyl group-containing acrylic resins 

35 useful in the invention can be prepared by copolymerizing an acrylic monomer with a hydroxyl 35 
group-containing vinyl monomer and if necessary a carboxyl group-containing vinyl monomer in 
the usual manner. The acrylic monomer may be further copolymerized with other vinyl monomers 
copolymerizable therewith. Preferred examples of acrylic monomers are alkyl (C^ 18 ) or alkoxyalkyl 
acrylate or methacrylate. Examples of hydroxyl group-containing monomers are hydroxyethyl 

40 acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate, hydroxypropyl methacarylate, and 40 
like C 2;5 hydroxyalkyl acrylate or methacrylate, adducts of glycidyl acrylate or glycidyl methacry- 
late with monocarboxylic acid (C 2 _ 18 ), adducts of glycidyl monocarboxylate (e.g. "Cardura E," 
tradename, product of Shell Petroleum Chemical Co., Ltd., U.S.A.) with acrylic acid or metha- 
crylic acid; N-methylolacrylamide, etc. Examples of carboxyl group-containing monomers are 

45 acrylic acid, methacrylic aicd, maleic aicd, fumaric acid, etc. Examples of vinyl monomers copo- 45 
lymerizable with the acrylic monomer are styrene, a-methylstyrene, vinyltoluene. vinylpyridine, 
glycidyl acrylate, glycidyl methacrylate, allylglycidyl ether, acrylamide, N-butoxymethyl acrylamide, 
acrylonitrile, etc. 

Polyester resins are produced by reacting a polybasic acid with a polyhydric alcohol. Examples 

50 of polybasic acids include acids having at least two carboxyl groups in the molecule and 50 
anhydrides thereof. Preferred examples are phthalic anhydride, tetrahydrophthalic anhydride, iso- 
phthalic acid, maleic anhydride, fumaric acid, trimellitic anhydride, methylene tricyclohexene tricar- 
boxyl anhydride, pyromellitic anhydride, itaconic acid, adipic acid, sebacic acid, azelaic acid, 
hexahydrophthalic anhydride, 3,6-endomethylenetetrahydrophthalic anhydride, succinic anhydride, 

55 "Het Anhydride" (tradename, product of Hooker Chemical Corp.), etc. Useful polyhydric alcohols 55 
are, for example, ethylene glycol, diethylene glycol, triethylene glycol, propylene glycol, neopentyl 
glycol, butylene glycol, hexanediol, trimethylolethane, trimethyhlolpropane, pentaerythritol, dipen- 
taerythritol, sorbitol, tc. Polyest r resins may b any of thos modified with monobasic acids, 
fatty acids, oil ingredi nts or th like. The hydroxyl group can be easily introduc d into th 

60 polyester resin using a polyhydric alcohol with at least three hydroxyl groups in the molecule, 60 
and the carboxyl group can be r adily introduced ther into using a polybasic acid with at least 
thre carboxyl groups in the molecul or a half est rification reaction of dibasic acid. 

The hydroxyl group-containing or hydroxyl group- and carboxyl group-containing chlorinated 
polyolefin-modified acrylic resin useful in the invention can b prepared by graft polymerization of 

65 chlorinated polyolefin with acrylic monomer, hydroxyl group-containing monomer and, when 65 
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requir d, carboxyl group-containing monomer. Useful acrylic monomers, hydroxyl group-contain- 
ing monomers and carboxyl group-containing monom rs are those exemplified abov . Usabl as 
chlorinated polyolefins are potyolefins chlorinat d at a rate of about 50% or less, pr ferably 
about 10 to about 45%, more preferably about 20 to about 40%. Examples of polyolefins to be 
5 chlorinated are those prepared by homopolymerizing or copolymerizing olefins such as ethylene, 5 
propylene, 1-butene, 3-methyl-1-butene, 3-methyM-heptene and the like, or copolymerizing the 
olefin with vinyl acetate, butadiene, acrylate, methacrylate or like vinyl monomers. These polyo- 
lefins are chlorinated by conventional methods. Examples of suitable chlorinated polyolefins are 
chlorinated polyethylene, chlorinated polypropylene, chlorinated ethylene-propylene copolymer, 

10 chlorinated ethylene-vinyl acetate copolymer, etc. In the graft polymerization of chlorinated polyo- 10 
lefin with acrylic monomer, hydroxyl group-containing monomer, and when required carboxyl 
group-containing monomer, other vinyl monomers can be used. The amount of the whole 
monomers to be grafted with the chlorinated polyolefin is about 10 to about 90% by weight, 
preferably about 30 to about 80%, based on the combined amount of the monomers and the 

15 chlorinated polyolefin. 15 
Illustrative of useful hydroxyl group-containing or hydroxyl group- and carboxyl group-contain- 
ing caprolactone-modified acrylic resins are resins prepared by polymerizing an addition product 
of c-caprolactone and 2-hydroxyethyl methacrylate or like hydroxyl group-containing acrylic 
monomer and if required, carboxyl group-containing monomer, acrylic monomer and other vinyl 

20 monomer can be copolymerized. 20 
Examples of useful hydroxyl group-containing or hydroxyl group- and carboxyl group-containing 
urethane-modified acrylic resins are those prepared by copolymerizing hydroxyl group-containing 
acrylic monomer and an addition product of 2-hydroxymethyl methacrylate and like hydroxyl 
group-containing acrylic monomer and isophorone diisocyanate and like diisocyanate compound 

25 modified by reacting one of isocyanate groups with a monohydric alcohol. If necessary, acrylic 25 
monomer, carboxyl group-containing monomer and other vinyl monomer can be copolymerized. 
The urethane-modified acrylic resins also include those having an urethane bond formed by 
reacting the foregoing hydroxyl group-containing or hydroxyl group- and carboxyl group-contain- 
ing acrylic resin with a polyisocyanate compound, e.g. hexamethylene diisocyanate and monoiso- 

30 cyanate compound, e.g. butyl isocyanate. 30 
Examples of useful hydroxyl group-containing or hydroxyl group- and carboxyl group-containing 
caprolactone-modified polyester resins are those, for example, prepared by reacting the foregoing 
hydroxyl group-containing or hydroxyl group- and carboxyl group-containing polyester resin with 
e-caprolactone in the presence of a suitable catalyst. 

35 Examples of useful hydroxyl group-containing or hydroxyl group- and carboxyl group-containing 35 
urethane-modified polyester resins are those having an urethane bond formed by reacting hexam- 
ethylene diisocyanate or like polyisocyanate compound with the foregoing hydroxyl group-con- 
taining or hydroxyl group- and carboxyl group-containing polyester resin having a relatively low 
molecular weight. 

40 Preferred hydroxyl group-containing or hydroxyl group- and carboxyl group-containing resins for 40 
the base coating are acrylic resins, chlorinated polyolefin-modified acrylic resins, polyester resins 
and the like having the groups among which chlorinated polyolefin-modified acrylic resins are 
more preferred because they are high in adhesion with polyolefin and like non-polar plastics. 
The hydroxyl group content in the hydroxyl group-containing or hydroxyl group- and carboxyl 

45 group-containing resin to be used in the invention can be varied in a wide range and is usually in 45 
terms of a hydroxyl value of about 5 to about 200. Preferred resins having a hydroxyl value of 
about 10 to about 120, more preferably about 15 to about 100. The carboxyl group content in 
the resin having carboxyl as well as hydroxyl in the molecule is in terms of an acid value in the 
range of preferably about 2 to about 30, more preferably about 5 to about 15, for the organic 

50 coating composition, and an acid value of preferably about 1 to about 200, more preferably 50 
about 15 to about 100, for the aqueous coating composition. These resins have a number- 
average molecular weight of about 5,000 to about 100,000, preferably about 8,000 to about 
60,000 in the base coating of the organic composition and a number-average molecular weight 
of about 5,000 to about 2,000,000, preferably about 10,000 to about 1,000,000 in the 

55 aquesous coating composition. 55 
Of the resins exemplified above, those lacking carboxyl group but containing hydroxyl group in 
the molecule must be conjointly used with a catalyst to increases the reactivity of the hydroxyl 
group with the isocyanate group. On th other hand, the resin having hydroxyl group and 
carboxyl group in the molecule is r activ with the isocyanate group and thus is not necessarily 

60 combined with a catalyst. N vertheless, it is desirable to us such r sin in combination with a 60 
catalyst to improv the reactivity of the hydroxyl group with the isocyanate group. The catalysts 
to be used ar those conventional in the art for accelerating the reaction of hydroxyl gr up and 
isocyanate group. Examples th r of are tertiary amines such as triethylamine, triethylenediamine, 
hexamethylenet tramine, methylmorpholin , N-ethylmorpholine, N-methylpip razine, NK-dimethyl- 

65 piperazine, N,N'-dimethylbenzylamine, N,N'-dimethyldodecylamine, N,N,N',W-tetramethylethylenedi- 65 
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amine, N,N,^fsr-tetramethylhexamethyl n diamine, N,N,N'»N'-t tramethyM ,3-diaminobutane, tc.; 
acids such as phosphoric acid, p-toluenesulfonic acid, etc.; metal salts of fatty acids such as 
potassium oleate, tin oct noate, lead 2-ethylh xoate, iron 2-ethylhex at , cobalt 2-ethylhexoate, 
titanium 2-ethylhexoate, etc.; metal salts of alicylic acids such as zinc naphthenate, manganese 
5 naphthenate, copper naphthenate, lead naphthenate, nickel naphthenate, cobalt naphthenate, etc.; 5 
organic tin compounds such as tri-n-butyl tin chloride, tetra-n-butyl tin, di-n-butyl tin dioctenoate, 
di-n-butyl tin dilaurate, dim-butyl tin diacetate, dibutyl tin oxide, dioctyl tin oxide, dibutyl tin di(2- 
ethylhexoate), etc.; organic phosphates such as dimethyl phosphate, di-n-butyl phosphate, etc.; 
salts of 1 ,8-diazabicyclo(5,4,0)undecane such as phenol, octylic acid or oleic acid salt of 1,8- 

10 diazabicyclo(5,4,0)undecane, etc.; other inorganic catalysts such as antimony trichloride, bismuth 10 
nitrate, tin chloride, iron chloride, phenylsodium, tetra(2-ethylhexyi)titarfate, etc. These catalysts 
are usable singly or at least two of them can be used in admixture. Of the examples, preferred 
catalysts are dibutyl tin di (2-ethylhexoate), tin octenoate, di-n-butyl tin dilaurate, tri-n-butyl chloro- 
tin, tetra-n-butyl tin, di-n-butyl tin diacetate, etc. 

15 The base coating of this invention is an organic or aqueous coating composition comprising 15 
the resin and when required, catalyst as disclosed above, dissolved or dispersed in an organic 
solvent and/or water together with a coloring pigment and/or metallic pigment. An extender 
pigment may be incorporated in the base coating when required. Useful organic solvents include 
those known and capable of dissolving or dispersing the resin. Examples of suitable organic 

20 solvents are toluene, xylene, hexane, heptane and like hydrocarbons; butanol, hexanol, cyclohexa- 20 
nol, benzyl alcohol and like alcohols; methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone, 
isophorone and like ketones; dioxane, ethylene glycol monomethyl ether, diethylene glycol mono- 
methyl ether and like ethers; ethyl acetate, ethylene glycol acetate monomethyl ether, diethylene 
glycol acetate monoethyl ether and like esters; etc. According to the invention, the aqueous 

25 dispersion or aqueous solution of the resin can be obtained by emulsifying or dissolving the 25 
resin in aqueous medium in the presence of an emulsifier, if necessary, or by producing the resin 
by emulsion polymerization. The hydroxyl group- and carboxyl group-containing resin may be 
made water-soluble or water-dispersible by partly or wholly neutralizing the carboxyl group 
groups, prior to dissolution or dispersion in aqueous medium. Examples of basic compounds 

30 useful for neutralization of the carboxyl group are alkanolamines such as monoethanolamine, 30 
diethanolamine and dimethylaminoethanol; alkylamines such as diethylamine and triethylamine; 
inorganic alkalis such as potassium hydroxide and sodium hydroxide; etc. among which tertiary 
amines can be also used as a catalytic hardener, hence preferably usable. The aqueous coating 
composition may contain water-soluble organic solvents. 

35 Useful coloring pigments and metallic pigments are not specifically limited and can be any of 35 
those known in the art. The amounts of the coloring pigment and metallic pigment for the base 
coating are not specifically limited and can be determined according to a particular purpose. The 
amount of the catalyst to be used for the base coating is about 0.01 to about 10 parts by 
weight, preferably about 0.05 to about 5 parts by weight, per 100 parts by weight of the resin 

40 solids. Preferred base coatings according to this invention contain as vehicle components the 40 
combination of a hydroxyl group-containing resin and a catalyst or the combination of a hydroxyl 
group- and carboxyl group-containing resin and a catalyst. 

The topcoating to be applied to the surface of the base coat contains a hydroxyl group- 
containing resin and polyisocyanate compound as vehicle components, and is a coating compo- 

45 sition of the organic liquid type giving a clear coat which makes visible the color of the base 45 
coat and the metallic effect thereof. 

Of the resins exemplified above for the base coating, those containing hydroxyl group are 
usable as the resin for the topcoating. The hydroxyl group-containing resin for the topcoating 
has a number-average molecular weight ranging from about 3,000 to about 50,000, preferably 

50 about 8,000 to about 40,000. The hydroxy! group content in the resin is commensurate with a 50 
hydroxyl value of about 30 to about 150, preferably about 50 to about 120. 

The polyisocyanate compounds which can be used for the topcoating are those having at least 
two free isocyanate groups in the molecule. Representative examples of such compounds are 
tolylene diisocyanate, 4,4'-diphenylmethane diisocyanate, xylene diisocyanate, m-xylene diisocyan- 

55 ate, hexamethylene diisocyanate, lysine, diisocyanate, hydrogenated 4,4'-diphenylmethane diiso- 55 
cyanate, hydrogenated tolylene diisocyanate, isophorone diisocyanate, trimethylhexamethylene 
diisocyanate, dimer acid diisocyanate, adduct of tolylene diisocyanate (3 moles) with trimethylol- 
propan (1 mole), tolylen diisocyanat polymer, adduct of h xam thylene diisocyanate (3 mol s) 
with trimethylolpropane (1 mol ), r action product of hexam thylene diisocyanate and water, 

60 adduct of xylene diisocyanate (3 moles) with trimethylolpropane (1 mol ), adduct of tolyl n 60 
diisocyanat (3 moles) with hexamethyl ne diisocyanat (2 moles), tc. These polyisocyanate 
compounds can b us d singly or at I ast two of them ar usabl in admixture. Of the exampl s 
enumerated abov , th se having a high weather resistanc and unlik ly to b come yellow are 
preferred, such as a reaction product of h xamethylene diisocyanate and water, adduct of xylene 

65 diisocyanate with trim thylolpropane, adduct of tolylene diisocyanate with h xamethylen diisocy- 65 
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anate, isophorone diisocyanate, hexamethylene diisocyanate, lysine diisocyanate, etc. 

The ratio of the hydroxy! group-containing resin to the polyisocyanate compound in th 
topcoating ranges from about 0.5 to about 2.5, preferably about 0.7 to about 2.0, calculated as 
hydroxy! group/isocyanate group ratio by mole. Since the two components tend to react at 
5 room temperature, curing by cross-linking, they are preferably stored in separate from and mixed 5 
together before use. When required, the topcoating can further contain additives such as a 
coloring pigment, extender pigment, metallic pigment, surface-improving agent, catalyst for accel- 
erating hardening, cissing inhibitor, ultraviolet absorbing agent, oxidation inhibitor, etc. The ratios 
of coloring pigment and metallic pigment are in such range that the transparency of the topcoat 

10 (see-through property of making visible the color of the base coat that the metallic effect 10 
thereof) is not impaired. 

The base coat and topcoat of this invention applied are cured at a temperature of between 
ambient temperature and about 140°C. Thus it is most suitable to apply the coatings to articles 
of plastics which will deform or change their properties when heated to over 140°, such as 

15 those of polyethylene, polypropylene and like polyoiefins, acrylonitrile-butadiene-styrene co- 15 
polymer, polycarbonate, nylon, fiber reinforced plastics (e.g. sheet mold compound), polyurethane 
resins, polyphenyieneoxide (e.g., NORYL," tradename), etc. In application to metallic substrates 
in place of conventional thermosetting coating compositions curable at a temperature higher than 
140°C, the base coating and topcoating of the invention need not be heated to over 140°C, 

20 resulting in saving of energy. The base coating and topcoating of the invention can be applied 20 
also to aritcles of wood, glass, inorganic materials or the like. 

The base coating of the invention can be applied directly to the substrates exemplified above. 
Nevertheless, it is preferred to apply the base coating over a plastics article subjected to vapor 
degreasing with trichloroethane to degreasing with toluene or a metallic article surface-treated 

25 with phosphate or the like and coated with an electrophoretic coating composition to form a 25 
primer coat and/or intercoat. 

The methods for applying the base coating of the invention are not specifically limited and 
include various conventional methods such as brushing, immersion methods, spraying, electrosta- 
tic coating, roll coating, anionic electrophoretic coating, etc. For use in spraying, the base 

30 coating is preferably adjusted to a viscosity of about 10 to about 20 seconds (Ford cup No. 30 
4/20°C). The thickness of the dried base coat is in the range of about 10 to about 25 /«, 
preferably about 15 to about 20 

The methods for applying the topcoating of the invention are not also specifically limited and 
include a wide variety of those as is the case with the application of the base coating. However, 

35 the topcoating to be sprayed is preferably adjusted to a viscosity of about 10 to about 30 35 
seconds (Ford cup No. 4/20°C). Adequate thickness of the dried topcoat ranges from about 25 
to about 50 //, preferably about 30 to about 40 fi. 

The topcoating is applied preferably to the base coat dried to a tack-free state (drying time 
according to JIS K 5400-1979, 5.8). For example, it is suitable that the topcoating be applied 

40 to the base coat left to stand at room temperature for about 1 minute or more, preferably about 40 
3 to about 20 minutes. 

When the topcoating is applied to an aqueous base coat to produce a topcoat of the above- 
specified thickness, there is substantially unlikely to occur a reaction between the water in the 
base coat and the polyisocyanate compound in the topcoat. While the topcoating is conse- 

45 quently applicable to the base coat at the desired time after application of the aqueous base 45 
coating, it is appropriate that the topcoating be applied after setting of the base coat for about 
one minute or more, preferably about 3 to about 30 minutes at room temperature, or for about 
30 seconds or more, preferably about 2 to about 5 minutes at about 50 to about 120°C. 
The base coating and topcoating of the invention are applied in this way and cured at a 

50 temperature of between room temperature and about 140°C. Preferred temperature range is 50 
between room temperature and about 120°C, more preferably between room temperature and 
about 100°C. During setting of the coats, there arise cross-linking reactions, within the topcoat 
between the hydroxyl group-containing resin and the polyisocyanate compound on one hand and 
simultaneously at the base coat-topcoat interface and within the base coat between the hydroxyl 

55 group of the resin in the base coat and the isocyanate group of the polyisocyanate compound 55 
penetrated from the topcoat into the base coat on the other hand. In other words, the coats are 
formed in this manner by low-temperatur curing in two-coatings-one-baking method, resulting in 
considerabl improvements in wat r resistance, adherenc between the base coat and topcoat, 
cohesive failure resistanc and lik prop rties. 

60 This invention will be described below in mor detail with r ference to the following Exampl s 60 
and Comparison Examples in which the parts and the percentages are all by weight. 

Examples 1 to 8 and Comparison Examples 1 to 3 
I. Test piec 

65 (1) Substrate 65 
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ttWmhS ° f PO,yPrOPy,ene < 7 5 CmX15 cmX0 ' 2 »* ejected to vapor degreasing with 

5? 7 6 f ft* S a ~ OVe ln (i) and coated with " Sofl «x No- 2000 Primer" (trad nam 
5 S 4^ nt nSa ' S' nt C °- f d ' Japan ' pnmer for Polypropylene substrate . ' 

Rki^ r? P 7 fac **^ wfth "Bonderite No. 3030" (tradename, product of Nippon Parker 

^•^^^SS^tSS^ 7 5 CmX15 CmX02 ™ and P coatea 

witn tiecron No. 9200 (tradename, product of Kansai Paint Co., Ltd.. Japan cationie elfxtr^ 

T^L^XT^T ° f *" 6POXy ^ ^ " AmHaC ^ Sealer " Se^me'ptduct 
10 SerS 9 COmpOSrt,on 01 the aminopolyester resin type for 



(2) Base coating 
(B-1) 



A base coating (B-8) was prepared by 100 parts of hydroxy! group- and carboxvl qrouo- 

o^Tl™* 12 P T S ° f " AIUminUm Paste 55 " 516 " and SoMn9 t compJslSon Sus 
No J 4/20T) 33 (B_1 ' t0 adjUSt 1,16 viscosft y to 15 secondMFord cup 



(B-9) 

55 



10 



A base coating (B-1) was prepared by mixing 100 parts of a hydroxyl qrouo- and earhowl 
nZ^Tl^^ 0 ^' ( ! 2 '°°° ""'"ber-average morula; Z5ST£ in hySl 15 
value and 7 in acid I value, produced by graft polymerization of polypropylene resin chlorinated at 
a ratio of 28% with methyl methacrylate. 2^thylhexyl acrylate. ^^1™*^? add a n 
hydroxyethyl acrylate) with 12 parts of "Aluminum Paste 55-516" tradename deduct of Town 
Auminum Kabushiki Kaisha. Japan) and dissolving the composition Sd^St 
20 ratio m,xture of toluene and xylene to adjust the viscosity to 15 seconds ^ rd cu p No i/20^ 20 

*. A k Dasa c . oati "9 ' t 8 " 2 ) w as prepared in the same manner as in (B-1) with the exceotion of 

copofymer 9 P " t ° f dhl " bUty1 tin di ' aUrat6 38 3 per 10 ° P a ^ °? " 

25 (B-3) 

A base coating (B-3) was prepared in the same manner as in (B-2) with the exceotion of 
using the same graft copolymer as used in (B-1) and having an acid vaTue oM3 P 

on A b « S ! COatin S <B-4) was P re P are d the same manner as in (B-2) with the exceotion of 
oSa^ ^ ° f dibUtV ' ^"Vlhexoate, as a catalyst in place'oftl ^TSS^ tin 
(B-5) 

A base coating (B-5) was prepared in the same manner as in (B-2) with the exceotion of 
35 SflSaS ^ ° f tri - n - bUtV ' ^ Ch,0ride 33 3 in P ,aca <>' 0-1 Pa« of d'n^n ° f 

(B-6) 35 



25 



30 



A base coating (B-9) was prepared by mixing 100 parts of acrylic resin (produced bv *r 
IT^T 9 r tHyl - methacry,ate - n - b "* acrylate and ethyl achate and K^nSmber^ 
average molecular we,ght of 28.000 and containing no hydroxyl group nor carboxy? group) with 
?dn v t,n ° ctanoate and 12 parts of "Aluminum Paste 55-516" and dissoSq th 

60 SSre^bWQ" ^ SO,VeM " US d <B - 1> tD 3diUSt 15 

(B-10) 60 

65 W ? ^ me * acr Y ,ate ' 2 - ma thylh xy. acrylate. n'butW acryL ^ aS hydrox^e 

65 thyl acrylate and having a number-average molecular weight of 32.000. hydroxyl value , of °?0 and 65 
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acid value of 0) with 12 parts by weight of "Aluminum Paste 55-516" and dissolving th 
composition thus obtained in the same solvent as used above in (B-1) to adjust the viscosity to 
15 seconds (Ford cup No.4/20°C). 
(B-11) 

5 A base coating (B-11) was prepared in the same manner as in (B-1) with the exception of 5 
using a hydroxy! group-containing acrylic resin (produced by copolymerizing methyl methacrylate, 
tiydroxyethyl methacrylate, n-butyl acrylate and ethyl acrylate and having a number-average 
molecular weight of 28,000, hydroxyl value of 25 and acid value of 0). 
The-base coatings (B-1)to (B-8) are for the present invention and the base coatings (B-9) to 
10 (B-1 1) are for Comparison Examples. 10 
(3) Topcoatfng 

A topcoating (T) was prepared by mixing together a hydroxyl group-containing acrylic resin 
(produced by copolymerizing styrene, hydroxyethyl acrylate, n-butyl acrylate, 2-ethylhexyl acrylate 
and butyl methacrylate and having a hydroxyl value of 95 and a number-average molecular 
15 weight of 10,000) and "Duranate 24 A" (tradename) in an OH/NCO mole ratio of 1 : 1 and 15 
dissolving the composition thus obtained in a 1:4 weight ratio mixture of toluene and xylene to 
adjust the viscosity to 18 seconds (Ford cup No. 4/20°C). 
II. Coating method 

Each of the base coatings and topcoatings was applied by a spray to each of the substrates 
20 under the conditions as shown below in Table 1. 20 
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III. Results of performance tests 

The test pieces with coats formed as above were t sted for properties. Table 2 below shows 
th results. 
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The performance tests were conducted by the following methods. 
(•1) Water resistance 

The test pi ce was immersed in water at 40°C for 240 hours and then the appearanc of the 

coating surface was observed with the unaided eyes and evaluated according to the rating as 
5 described below. 5 

A : The test piece was free from any change. 

B : The test piece had a few blisters. 

C : The test piece had blisters interspersed. 

D : The test piece abounded in blisters. 
10 < # 2) Adhesion between coats 10 
The test piece was cut crosswise at and near its center to the substrate surface with a cutter 

knife to form 100 squares, 1 mm X 1 mm. An adhesive celophane tapes were adhered to the 

coating surface of each test piece and peeled off by a strong pull to evaluate the appearance of 

th£ squares by the following rating. 
15 A : No peel was found. 15 

B : The topcoat was peeled off the base coat in a slight degree. 

C : The topcoat was peeled off the base coat here and there. 

D : The topcoat was peeled off the base coat in a marked degree. 

(•3) Cohesive failure 

20 The same procedure as in (*2) was repeated to check the squares in the base coat and 20 
topcoat for cohesive failure. The result was evaluated by the following rating. 

(A) No cohesive failure was seen. 

(B) The base coat and topcoat were scarcely broken. 

(C) The base coat and topcoat were broken here and there. 

25 (D) The base coat and/or topcoat suffered a highest degree of cohesive failure. 25 
( # 4) Metallic appearance 

The test piece was observed with the unaided eye to check the metallic appearance, rating the 
result by the following criterion. 

(A) An significantly improved metallic appearance was seen. 

30 (B) A slightly improved metallic appearance was seen. 30 
(C) A little unevenness in metallic effect was found. 

(B) A marked unevenness in metallic effect was found. 
(*5) Surface smoothness 

The test piece was observed with the unaided eye to check the smoothness of coating 
35 surface, rating the result by the following criterion. 35 

(A) Excellent 

(B) Good 

(C) Fair 

(D) Poor 

40 (*6) Gloss 40 
Reflectance determined with incident light falling at an angle of 60° on a mirror. 
(*7) Pot life of base coat 

The base coatings (B-1) to (B-1 1) were stored in a closed space at 20°C to count the time 
(hr.) taken for the viscosity to increase to 20 seconds (from the original viscosity of 15 seconds 
45 in terms of Ford cup No.4/20°C). 45 

Examples 9 to 15 and Comparison Examples 4 and 5 
I. Test piece 

(1) Substrate 

50 The substrates (i) and (iii) as specified hereinbefore were used. 50 

(2) Aqueous composition of resin for base coat 
(i) Aqueous solution of acrylic resin (W-1) 

An aqueous solution of acrylic resin in a concentration of 70% having a number-average 
molecular weight of about 10.000, a hydroxyl value of 72 and an acid value of 39 was obtained 

55 by copolymerizing 15 parts of styrene, 20 parts of methyl methacrylate, 25 parts of ethyl 55 
acrylate, 20 parts of butyl acrylate, 15 parts of hydroxyethyl acrylate and 5 parts of acrylic acid 
in butyl c llosorve using a,a'-azobisisobutyronitril as a polymerization initiator. To 100 parts of 
the solution wer added 4.3 parts of dim thylaminoethanol and then water to give an aqueous 
soluti n of water-soluble acrylic resin having a concentration of 55% (W-1). 

60 (ii) Aqueous dispersions of acrylic resins (W-2) and (W-3) 60 
In a reactor were placed 68.0 parts of deionized water, 0.2 part of ammoium p rsulfate and 
1.5 parts of "Triton X-200" (tradename, anionic surafactant produc d by Rohm & Haas, Co., 
Ltd.). The solution was heated to 95°C. The aqueous emulsion comprising th acrylic monomers 
and other components as listed below in Table 3 was added dropwise to the solution heated 

65 and maintained at 95°C over a period of 3 hours. Aft r addition of th emulsion, the reaction 65 
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mixture was retain d at 95*C with stirring for about 2 hours and cooled to 35°C by standing. 
Thereto were added 0.5 part of dimethylethanolamine and 4 parts of deionized water, giving a 
stable, opaqu white dispersion of water-dispersible acrylic resin in a solid cone ntratson of 45% 
(W-2) having a number-average molecular weight of about 13,000. The same proc dur was 
5 repeated to give another dispersion (W-3) of acrylic resin having a number-average molecular 5 
weight of about 15,000 using the aqueous emulsion of acrylic resin monomers shown below in 
Table 3. 
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(Hi) Aqueous dispersion of chlorinated polyolefin-modified acrylic resin (W-4) 

A graft copolymer of chlorinat d polypropyl ne with acrylic monomers (32,000 in number- 
average molecular weight, 20 in hydroxyl value and 50 in acid valu ) was n utralized with 
triethylamine and dispersed in water, giving an aqueous dispersion of resin in a solid concentra- 
5 tion of 50%. 5 
(3) Base coating 

(i) Aqueous metallic coating composition (M— 1) 

Aqueous solution of acrylic resin (W-1) 100 parts 

10 Aqueous" dispersion ofacrylic resin (W-2) 45 parts 10 

The above-specified components were mixed together and adjusted to a viscosity of 16 
seconds (Ford cup No.4/20°C) with a mixture of water and an dispersion of aluminum paste 
comprising: 

15 15 
Aluminum Paste A 10 parts 

(tradename "Aluminum Paste No.4919," product of Toyo Aluminum Kabushiki Kaisha, Japan) 

20 Aluminum Paste B" 20 parts 20 

(tradename "Aluminum Paste No. 55-519," product of Toyo Aluminum Kabushiki Kaisha, Japan) 

Isopropyl alcohol 30 parts 

25 25 
(iii) Aqueous metallic coating composition (M-2) 

Aqueous dispersion of acrylic resin (W— 3) 100 parts 
Aluminum Paste A (as above) 5 parts 

30 Aluminum Paste B (as above) 10 parts 30 

10% solution of dibutyl tin 

diacetate in butyl cellosolve 1.5 parts 
Butyl cellosolve 25 parts 

35 The above-specified components were mixed together and adjusted to a viscosity of 16 35 
seconds (Ford cup No.4/20°C) with water. 

(iii) Aqueous metallic coating composition (M-3) 

Aqueous solution of acrylic resin (W-1) 100 parts 

40 Aqueous dispersion of acrylic resin (W-2) 45 parts 40 

Aluminum Paste A (as above) 10 parts 

Aluminum Paste B (as above) 20 parts 

Isopropyl alcohol 30 parts 

10% solution of dibutyl tin diacetate 

45 in isopropyl alcohol 2 parts 45 

The above-specified components were mixed together and adjusted to a viscosity of 16 
seconds (Ford cup No.4/20°) with water. 

(iv) Aqueous metallic coating composition (M-4) 

50 There were mixed together 200 parts of the aqueous dispersion of chlorinated polyolefin- 50 
modified acrylic resin (W-4), 0.1 part of di-n-butyl tin dilaurate and 20 parts of Aluminum Paste 
A as above. The mixture was adjusted to a viscosity of 16 seconds (Ford cup No. 4/20°C) with 
water. 

(v) Aqueous metallic coating composition (M-5) 

55 A coating composition having the same formulation as the aqueous metallic coating compo- 55 
s'rtion (M-2) with the exception of not using 1.5 parts of 10% solution of dibutyl tin diacetate. 
(4) Topcoating 
(i) Topcoating (T-1) 

There were polymerized 25 parts of methyl acrylate, 25 parts of ethyl acrylate, 36.5 parts of 
60 n-butyl acrylat , 12 parts of 2-hydroxyethyl acrylate and 1.5 parts of acrylic acid in xyl ne using 60 
as a polymerization initiator a,a'-azobisisobutyronitril # giving a solution of acrylic resin in a solid 
concentration of 60%, the resin having a numb r-average molecular weight of about 8,000, a 
hydroxyl value of 58 and an acid value of 12. 
The solution was mixed with "Duranate 24 A" (tradenam , adduct of hexamethylene diisocy- 
65 anate with water manufactured by Asahi Kas i Chemical Industry Co., Ltd., Japan) in an OH/NCO 65 
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mole ratio of 1 : 1.1. Th mixtur was adjusted to a viscosity of 18 seconds {Ford cup 
No.4/20°C) with a 2 : 1 w ight ratio mixture of toluene and xyl ne, giving a topcoating (T-1). 
(ii) Topcoating (T-2) 

A topcoating (T-2) was prepared in the same manner as in preparation of the topcoating 
5 (T-1) with the exception of changing the amount (36.5 parts) of n-butyl acrylate to 38 parts and 5 
not using 1.5 parts of acrylic acid. 
II. Coating Method 

Each substrate was coated with each base coating and topcoating as listed below in Table 4 
in which the thickness of the coat was based on the dried coat. 
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III. Results of performance tests 

Table 5 below shows the results of th performance tests of the coats. 

In Tabl 5, th g lation ratio of each coat was measur d by th following method. The 
specimen (coat separated from the substrate) was immersed in a solvent (acetone/methanol 
5 weight ratio =1 : 1) and the solution was subjected to extraction at a boiling point for 3 hours. 5 
The gelation ratio (%) was given by the equation: 



A-B 

10 X 100 10 

A 

wherein A represents the weight of the specimen before extraction and B represents the weight 
of the specimen after extraction. 
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CLAIMS 

1. In a method for forming coatings, comprising the steps of applying a base coating 
containing a coloring pigment and/or a metallic pigment to produce a base coat applying a 

5 topcoating containing a hydroxyl group-containing resin and a polyisocyanate compound over the 5 
base coat, and curing the coats at a temperature range between room temperature to about 
140°C, the method which is characterized in that the base coating contains the following as a 
vehicle component; 

(a) a resin having hydroxyl group and carboxyl group in the molecule, 
10 (b) a combination of the resin having hydroxyl group in the molecule and a catalyst for 10 
promoting the reaction between the hydroxyl group of the resin and the isocyanate group of the 
polyisocyanate compound in the topcoating or 

(c) a combination of the resin having hydroxy! group and carboxyl group in the molecule and a 
catalyst for promoting the reaction between the hydroxyl group of the resin and the isocyanate 
15 group of the polyisocyanate compound in the topcoating. 15 

2. A method as defined in claim 1 wherein the base coating is a composition of the organic 
solvent type. 

3. A method as defined in claim 1 wherein the base coating is an aqueous composition. 

4. A method as defined in claim 2 wherein said base coating comprises a resin having 

20 hydroxyl group in the molecule or a resin having hydroxyl group and carboxyl group in the 20 
molecule, and a catalyst for accelarating the reaction between the hydroxy! group in the resin 
and the isocyanate group of the polyisocyanate compound in the topcoat. 

5. A method as defined in claim 1 wherein the resin having hydroxy in the molecule or the 
resin having hydroxyl group and carboxyl group in the molecule is an acrylic resin, chlorinated 

25 polyolefirvmodified acrylic resin or polyester resin, each having hydroxyl group or hydroxyl group 25 
and carboxyl group in the molecule. 

6. A method as defined in claim 1 wherein the hydroxyl group-containing resin or the 
hydroxyl group- and carboxyl group-containing resin has a hydroxyl value of about 5 to about 
200. 

30 7. A method as defined in claim 6 wherein said hydroxyl value is in the range of about 10 to 30 
about 120. 

8. A method as defined in claim 7 wherein the hydroxyl value of the resin is in the range of 
15 to 100. 

9. A method as defined in claim 1 wherein the base coating is a composition of the organic 

35 solvent type and the resin having hydroxyl group and carboxyl group in the molecule has an acid 35 
value of about 2 to about 30. 

10. A method as defined in claim 1 wherein the base coating is an aqueous composition and 
the hydroxyl group- and carboxyl group-containing resin has an acid value of about 1 to about 
200. 

40 11. The method of forming coatings substantially as hereinbefore described with reference to 40 
and as illustrated by the examples herein set forth. 

12. A substrate coated by the method as defined in any one of the preceding claims. 
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